Background: Performance status (PS) is known as one of the strongest prognostic factors for survival in metastatic colorectal cancer patients. The aim of the present study was to analyze factors associated with poor PS assessed after resection for colorectal liver metastases and the impact on survival. Methods: All patients undergoing curative resection for colorectal liver metastases between 2010 and 2015 in a single center were reviewed retrospectively. Results: A total of 284 patients were included, out of whom 74 patients (26%) presented with a postoperative PS WHO > 2 precluding administration of adjuvant chemotherapy. These patients had a shorter recurrence-free survival (P = 0.002) and shorter overall survival (P < 0.001). Multivariable analysis showed that patients with PS > 2 after surgery had higher preoperative ASA score, had a higher frequency of major complications after surgery, and had more frequently synchronous liver and lung metastases. PS was found to be the strongest independent factor predicting survival (hazard ratio 0.45). When patients with postoperative PS > 2 developed recurrent disease (54 of 74), 43 (80%) received tumor specific treatment. Conclusions: Patients with postoperative PS > 2 who did not receive adjuvant chemotherapy had decreased recurrence-free and overall survival after liver resection for colorectal liver metastases. After recurrence, a large majority of these patients had had improvement in PS allowing for administration of tumor specific treatment.
Background
Colorectal cancer (CRC) liver metastatic disease is a significant clinical problem. Up to 25% of patients with colorectal cancer are diagnosed with synchronous liver metastases and a similar number develop metachronous metastases [1] . When possible, surgical resection is the treatment of choice [1, 2] . The 5-year survival rates after resection range from 15 to 74% [3, 4] , the wide distribution mainly due to differences in patient selection, a development over time with improved chemotherapeutic and biological agents, improved surgical techniques and a change in multimodality approach [5] .
However, about two thirds of the patients develop disease recurrence within 2 years after resection [6] . Adjuvant chemotherapy aims to treat micro-metastatic disease to reduce the risk of relapse [7] . The strategy of perioperative chemotherapy has proved to increase the time of progression-free survival [8] . In addition, adjuvant therapy after surgery alone confers a survival benefit [9] [10] [11] [12] . Recently, the failure of patients to receive adjuvant chemotherapy due to poor performance status (PS) and complications after liver resection has been shown to have a negative impact on survival [13, 14] . PS is a scoring system quantifying the impact of disease on a patient's well-being and is known as one of the strongest prognostic factors for survival in metastatic CRC patients [15, 16] . The definitions of PS are shown in Table 1 [17] . The aim of the present study was to analyze factors associated with poor PS after resection for colorectal liver metastases and the impact on survival. In case of disease recurrence, the aim was to evaluate the PS of patients and to which extent patients received tumor specific treatment.
Methods
Medical records of all patients undergoing resection of colorectal liver metastases between 2010 and 2015 at a single center were reviewed. All patient data were retrieved retrospectively. Liver resection was performed as previously described [18] . A major resection was defined as resection of ≥ 3 Couinaud's segments, and 30-day morbidity was classified according to Clavien-Dindo [19] . Postoperative poor PS was defined as a PS WHO > 2. Adjuvant chemotherapy was defined as chemotherapy administered within 90 days after liver surgery. Indication for adjuvant therapy was considered when a R0 or R1 resection was performed and patients presented with a postoperative PS WHO 0-2. Synchronous disease was defined as when liver metastases were diagnosed during the radiological staging before resection of the primary. The overall and recurrence-free survival were recorded.
The study protocol was approved by the regional ethics committee.
Statistical analysis
Results were expressed as median and interquartile range. Mann-Whitney U test was used to compare continuous data and χ 2 test for categorical data. The Kaplan-Meier method was used to estimate the recurrence-free survival and overall survival. The log-rank test was used to compare the importance of postoperative PS. To analyze the effect of risk factors for adverse survival outcome, Cox regression analysis was used and hazard ratios with 95% confidence intervals were calculated. Factors with a P < 0.1 on univariable Cox regression analysis were included in the multivariable analysis. P < 0.05 was considered statistically significant. Statistical analysis was performed using IBM SPSS Statistics version 22 (IBM, Armonk, NY, USA).
Results
A total of 284 patients were resected for colorectal liver metastases and form the study cohort. All patients had a postoperative consultation with an oncologist within 5-7 weeks after resection for PS evaluation and planning of adjuvant chemotherapy. All patients had PS WHO 0-2 before liver resection. Seventy-four patients (26%) presented The median follow-up after liver resection was 33 months. During follow-up, 116 of 210 (55%) patients developed recurrence of their disease in the group with postoperative PS WHO 0-2. Ten patients (9%) did not receive any tumor-specific treatment after relapse due to poor PS. Fifty-four of 74 (73%) patients in the group with postoperative PS WHO > 2 suffered from recurrence. In this group, 11 of 54 patients (20%) did not receive tumor-specific treatment at recurrence due to poor PS (P = 0.032 as compared with the group WHO 0-2).
Kaplan-Meier estimates of recurrence-free and overall survival are shown in Figs. 1 and 2 . The results of the Cox proportional hazard analysis of the adverse risk factors for survival outcome are shown in Table 3 .
Discussion
In the present study, 26% of patients resected for colorectal liver metastases displayed a poor postoperative PS preventing administration of adjuvant chemotherapy. These patients had shorter overall and recurrence-free survival. In line with other studies [15] , poor PS was the strongest independent factor for survival.
Patients with PS WHO > 2 had higher ASA score as a measure of preoperative medical comorbidity and a more advanced disease with synchronous liver and lung metastases. This group of patients was also to a greater extent affected by major postoperative complications (Clavien-Dindo ≥ 3). The reasons for change in PS are thus a combination of preoperative patient characteristics and postoperative adverse event. Because of poor PS, these patients did not receive oncological adjuvant chemotherapy. This finding is in line with previous studies reporting a failure to receive intended adjuvant chemotherapy of 13-37% of patients [8, 13, 14] . Postoperative morbidity has previously been shown to decrease the ability to tolerate adjuvant chemotherapy [13] . To enhance postoperative recovery, a fast-track protocol is used at our department since 2012, resulting in decreased length of stay but preliminary without impact on morbidity [18] . However, decreased morbidity after introduction of enhanced recovery protocols has been demonstrated [20] . In addition, laparoscopic liver resections are getting more widespread with the potential of lowering morbidity further [13, 21] . The impact on these measures on postoperative PS and the ability to tolerate adjuvant chemotherapy is still to be investigated.
Adjuvant chemotherapy was initiated a median of 7 weeks after liver resection. After resection of colon cancer primary, evidence exists that adjuvant chemotherapy should be administrated within 8 weeks after surgery for best survival benefit [22] . There is however no data supporting that there is a similar window of Fig. 1 Kaplan-Meier estimate of recurrence-free survival (P = 0.002, log rank test). PS, performance status opportunity for starting adjuvant chemotherapy after liver resection. For a patient, in too poor general health to tolerate adjuvant chemotherapy on a postoperative consultation, the choice is between reassessing the patient after some time period and inhibiting adjuvant chemotherapy. No reassessment was done in the present study, much likely reflecting a general notion of an existing upper time limit for starting adjuvant chemotherapy extrapolated from treatment of primary colon cancer.
A significant number of patients in both WHO 0-1 and WHO > 2 groups developed recurrent disease. A vast majority of patients in the WHO 0-2 group with recurrence was given tumor-specific treatment. In the WHO > 2 group, 54 of 74 (73%) patients developed recurrent disease. Also, in this group, most patients (80%) received tumor specific treatment. These results also indicate that some of the patients who initially presented with poor PS after surgery, and therefore were not considered for Although extensively used, the effective role of adjuvant chemotherapy is still controversial.
The present study showed that patients presenting with poor postoperative PS not receiving chemotherapy after liver resection had a shorter recurrence-free survival and a shorter overall survival. Previously reported in two randomized studies, adjuvant chemotherapy was associated with a trend to better survival [9, 10] . The pooled data from both studies [11] support the assumption that adjuvant chemotherapy is associated with a longer progression-free survival as well as longer overall survival. Another large study [12] comparing resection of colorectal liver metastases with and without adjuvant chemotherapy showed that adjuvant chemotherapy prolongs postoperative survival. Liver resection and perioperative chemotherapy have been shown to result in a significant increase in disease-free survival when compared to surgery alone [8] , although no difference in overall survival could be demonstrated [23] .
Decreased recurrence-free survival and overall survival in patients with poor postoperative PS not receiving adjuvant chemotherapy in the present study could be due to patient selection. These patients had more medical comorbidity as well as more advanced disease in terms of synchronous lung metastases. In addition, no analysis of the influence of R0 or R1 status was made.
It is well known that PS is a strong prognostic factor for survival in patients with metastatic colorectal cancer [16] . There are also indications that patients with a good PS are the ones to benefit the most from adjuvant chemotherapy after resection of colorectal metastases [24] . Postoperative complications after resection of colorectal liver metastases have been associated with poor overall and recurrencefree survival, as well as delayed initiation of chemotherapy [14] . It seems therefore crucial to reduce postoperative complications, which possibly could be achieved by introducing enhanced recovery programs and shifting into more mini-invasive surgical techniques.
Conclusions
The present study showed that a significant number of patients undergoing liver resection for colorectal liver metastases did not recover in time for the intended adjuvant chemotherapy. These patients had shorter overall and recurrence-free survival. However, a great majority of patients that presented with poor PS after surgery received palliative chemotherapy or other surgical treatment after disease recurrence. 
